Flame Speeds of Methane-Air, Propane-Air, and Ethylene-Air Mixtures at Low Initial Temperatures by Heimel, Sheldon & Dugger, Gordon L
TECHNICALNOTE2624
FLAME SPEEDS OF METHANE-AIR, PROPANE-AIR,



















ethylene-airmixturesat -73°C andformethane-airmixturesat -132°C.
Thedataextendthecurvesofmximumflamespeedagainstinitialmix-
turetempaaturepreviouslyestablishedfortherangefromroomtemper-
atureto 344°C. Empiricalequationsformaximumflamespeed u
(cm/see)asa functionofinitialmbdmretemperatureTo weredeter-
minedtobe asfollows:
Formethsme,for To from141°to 6L5°K,
2.11U t=8 + 0.000160T()
Forpropane,for To from200°to 616°K,
U = 10+ 0.000342T02”00
Forethylene,for To from200°to 617°K,
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nozzle-typeburnerwaschosenin ortirto obtainlaminarflowina short
over-allburnerlengthsothatthewholeburnerassenkdycouldbe cooled





T tothemanifoldV, fromwhichitenteredtheburnerby meansof
16 smallholesU equallyspacedcircumferentiaXlyaboutthebase. It
thenpassedthroughthestraightsectionS andthroughfourcalming
screens0, whichw=e supportedby brassringsR audsealedby
neopreneO-ringsQ. Themlxhrrewasthenacceleratedby a Mache-Hebra




























































Velocityprofileofnozzle.- Infigure3 a velocityprofileis
shownforthe12.7-millimeterc amicnozzle(onthebrassnozzle)foran
averageair-flowvelocity(volumetricflowratedividedby nozzle-throat
area)of 124centimeterspersecondat 25°C. Theprofilewasobtained


























































(u, cm/see) could be representedby




wh~e b, c, and n areconstantsfora givenfuel.Theequations,
whichweredeterminedby pickingan integerfor b whichgavea st~ight
tie ona logarithmicplotof (u-b)againstTo (fig.6)andthen
de~ c and n by themethodof leastsquares,are:
Formethane,for To from141°to 615°K,
2.11U = 8 + 0.000160To
Fo,rpropane,for To from200°to 616°K,
2.00
u = 10+ 0.000342To
Forethylene,fm ‘o from200°to 617°K,
1.74U = 10+ 0.00259To
Comparisonof experimen~lda% withrelativevaluespredictedby






































peraturesofmixturesat 25°C (referenceI-O). Thechangesinflmme
temperaturewithMtial temperaturew reassumedtobe thessmeasfor
thetheoreticaldiabaticflametemp-ture(referenceIl.);thatis,the
differenceb tweencomputedadiabaticflamet@nperatureandsodiumD-line

















































inreference13. In consideringthisdifference,itmustbe remenibaed






























2.1.1U = 8 + 0.000160To
Forpropane,for
‘o from200°to 616°K,
2.00u = 10+ 0.0C0342To
Forethylene,for To from200°to 617°K,
































































































TABIEI- P’EEDIC~R2LMTV2 FTAwE 9PEKm
F1.9imtsm- 2quilibrium mdioal pmarur.e




























































































































































































































%mOtion of BtQiohi@OtriO fuel-air ratio at whioh MXIM.EI f16.lwapead 000UIT&i.
bmmted bv mthod Or rai%mnoe 11.
QXc&ted G s.bt=”aofiw f- tho xliabatio flame tczmra- a oon8tmt eoti tQ diffaranoe betweenadiebatioend odium D-llne
viluea (referanoe 10) at 2@ C.
%m$uted by q.tbodof refeawnoe12.
‘Comgutadfrom equation (2),
‘Computedfra equation(S).
%mwtud from ewation (4),
%ferenoe 15,
‘0-m’putedUBIW namm dir faenoeb9tweenadiabatio UId odium D-line walue8 a- wan foomd for 10,0 pr.sentwthana.
jobtainedfrom fig. S by Interrelation.



































































































































wall 6 4 2 0 2 4 6
Distance fran nozzle exis, m
Figure 3. - Velocityprofile above a 1.2.7-mil.Mneter cerasic nozzle ceaented to
thebrassMache-Eebranozzle. Air temperature, 25° C; Reynolds number,1020.
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Figure4. - Flamespeedasfunctionofequivalenceratio(fractionof stoichiometric
fuel-alratio)atvarioustemperatures.
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Figure6.- Empiricalequationsfor~ flamespeedas functionof initial
mixturetemperature.
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(a) Methane-air ilarws.
Figure 7. - Effect of initial mixture temperature on maxlmnn ftie .R..L
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‘W’,,r - 6.5 PH + POE+ PO
effective-relative-radical preaeuras at fkne tampemturea
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(b)Hydmgen-atm concentration at fleme -&qxjreture based on EOUIRO
D-l&e raeaeurenmnt.








0 Methane U = 99,~ pH - 17
q F1’opane u. U6, CIXJ~-XI
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(c) Hy&ogan.tom
Figure 8. - concluded.
~, e.tm
concentration at adiabaticfl.amtemperature.
c0~d8tiOnB betweenjma@DuMfl.am epeedand.Calculated
equilibrium-radicalconcentration.
